A novel pink-pigmented, facultatively methylotrophic strain, designated M6-76 T , was isolated from glacial foreland soil near Ny-Å lesund, Svalbard Archipelago, Norway. Cells of strain M6-76 T were rod-shaped (0.4-0.7¾0.8-2.0 mm), Gram-stain-negative, aerobic and motile by a single polar flagellum. Growth occurred at 4-28 6C (optimum 18 6C) and at pH 5-8 (optimum pH 7). Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain M6-76 T belonged to the family Methylobacteriaceae. The 16S rRNA gene sequence of the novel strain showed 94.6 %, 94.0 % and 93.9 % sequence similarity to those of Methylobacterium salsuginis MR T , Methylobacterium organophilum ATCC 27886 T and Microvirga subterranea FaiI4 T , respectively. Cells could utilize methanol as the sole source of carbon and energy but not formate. The major respiratory quinone was Q-10. The polar lipids were phosphatidylethanolamine, phosphatidylmonomethylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine and two unknown polar lipids. The predominant cellular fatty acids were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) and C 16 : 0 . The DNA G+C content was 67 mol%. The polyphasic data presented in this study indicated that the isolate should be classified as representing a novel species of a new genus within the family Methylobacteriaceae. The name Psychroglaciecola arctica gen. nov., sp. nov. is therefore proposed for the isolate. The type strain of the type species is M6-76 T (5CCTCC AB 2013033 T 5KACC 17684 T ).
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The family Methylobacteriaceae was proposed by Garrity & Holt (2001) . At the time of writing, the family Methylobacteriaceae includes three genera, Meganema, Methylobacterium and Microvirga. The genus Methylobacterium contains 49 species with validly published names, Microvirga contains eight and Meganema contains only the type species Meganema perideroedes (Thomsen et al., 2006) . Methylobacterium organophilum ATCC 27886 T , Microvirga subterranea FaiI4 T and Meganema perideroedes Gr1 T all have granules of poly-bhydroxybutyrate (PHB) accumulate in their cells. The type genus Methylobacterium of the family Methylobacteriaceae was originally proposed by Patt et al. (1976) with the type species Methylobacterium organophilum. The genus Protomonas was first described by Urakami & Komagata (1984) , and later the single member of the genus Protomonas was reclassified in the genus Methylobacterium by Bousfield & Green (1985) . Species of the genus Methylobacterium can utilize formate and methanol as the sole source of carbon and energy (Green, 2006) . Almost all members of the family Methylobacteriaceae have a high content of the fatty acid C 18 : 1 v7c in their cells and contain Q-10 as the major respiratory quinone, while a few bacteria have minor levels of Q-9 (Tani et al., 2012) . Almost all members of the family Methylobacteriaceae also have high DNA G+C contents in the range 61.5-73.2 mol% (Weon et al., 2008 (Weon et al., , 2010 except Meganema perideroedes (Thomsen et al. 2006 ) with 42.9 mol%. Species of genera in the family Methylobacteriaceae have been isolated from water, root nodules, leaf surfaces, soil, fermented seafood, aquatic environments and other sources. In this study, strain M6-76 T was isolated from a glacial foreland soil sample.
Strain M6-76
T was isolated from a glacial foreland soil sample collected from Ny-Å lesund (78 u 549 N 12 u 069 E) in the Svalbard Archipelago, Norway. The soil sample was serially diluted with a sterile 0.85 % (w/v) NaCl solution and plated onto 0.36R2A agar (Difco) and incubated at 4 u C for 3 weeks. Single colonies on these plates were purified by transferring them onto new plates and subjecting them to additional incubation for 1 week at 18 u C, followed by sub-culturing on R2A slant culture at 18 u C and storing by lyophilization. 
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Methylobacterium extorquens JCM 2802 T (D32224)
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Microvirga zambiensis WSM3693 T (HM362433) Genomic DNA was isolated from a freshly grown culture following the methods of Sambrook et al. (1989) . The 16S rRNA gene was amplified using the universal primers 27f and 1492r (Dorsch et al., 1992) , and the PCR products were sequenced by Invitrogen Biotechnology. Similarity searches with the derived sequence were performed via the EzTaxon server (Kim et al., 2012) . Further phylogenetic analysis was performed by using MEGA software, version 4.0 (Tamura et al., 2007) , after multiple alignment of the data via CLUSTAL_X (Thompson et al., 1997) . Clustering and phylogenetic tree reconstruction were performed by using the neighbour-joining (Saitou & Nei, 1987) , minimumevolution and maximum-parsimony (Fitch, 1971 ) methods. In each case, bootstrap values were calculated based on 1000 replications (Felsenstein, 1985) .
Strain M6-76 T had 92.9-94.6 % and 92.4-93.9 % 16S rRNA gene sequence similarity with members of the genera Methylobacterium and Microvirga, respectively. A comparative analysis of the 16S rRNA gene sequences indicated that strain M6-76
T represented a new phyletic line within the family Methylobacteriaceae in the phylogenetic tree. The relationship was also highlighted in the neighbour-joining tree ( Fig. 1) . The overall topologies of the minimumevolution and maximum-parsimony tree were essentially the same (data not shown). According to the 16S rRNA gene sequence similarity and phylogenetic analysis, we selected two type species Methylobacterium organophilum ATCC 27886 T (94.01 % 16S rRNA gene sequence similarity) and Microvirga subterranea FaiI4 T (93.95 %), as well as the most similar type strain Methylobacterium salsuginis MR T (94.58 %) as reference strains during our study. In order to determine the exact taxonomic position of strain M6-76 T , a polyphasic approach was followed.
Gram staining of cells was carried out according to the classical Gram procedure described by Doetsch (1981) . Cell morphology was examined by phase-contrast (BX51; Olympus) and transmission electron microscopy (H-8100; Hitachi) (Fig. 2) . The presence of poly-b-hydroxybutyrate (PHB) was demonstrated by staining lightly heat-fixed cells with 0.3 % Sudan black B for 10 min followed by decolorizing with xylene for 10 s, drying and counterstaining with 0.5 % sarranine for 10 s. The test for motility was performed on R2A broth supplemented with 0.3 % agar (Bowman, 2000) . Anaerobic growth was tested by incubating cultures on R2A plates in a GasPak (Oxoid) jar at 18 u C for 1 month, with aerobically incubated plates as controls. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Kovács, 1956) . Catalase activity was determined by measuring bubble production after the application of 3 % (v/v) hydrogen peroxide solution. Starch, casein, and Tweens 20, 60 and 80 were added to R2A agar plates to evaluate the corresponding degradation abilities of strain M6-76
Cell growth at different pH values (4.0-11.0) and NaCl concentrations (0-10.0 %) was determined by measuring the OD 600 using a spectrophotometer. Growth at 4, 10, 18, 22, 25, 28, 37 and 42 uC was also measured. Carbon-source utilization tests involving 12 carbon sources were performed by using a protocol described by Green & Bousfield (1982) Table 1 ). Carbon-source oxidation was investigated by using the Biolog GN2 Microplate system as recommended by the manufacturer. Additional enzyme activities and biochemical features were determined by API kits (API 20NE, API 20E, API ZYM and API 50CH) incubated at 18 u C according to the manufacturer's instructions (bioMérieux). All of the . Data were obtained in this study unless otherwise indicated. In the API ZYM tests, all strains were positive for esterase (C4) and leucine arylamidase. In the API 20 E and API 20NE strips, all strains were negative for production of indole and H 2 S. All strains were resistant to vancomycin but sensitive to neomycin, streptomycin, tetracycline, spectinomycin, gentamicin, kanamycin, erythromycin and novobiocin. All strains grew on methanol, fructose, glycerol, trehalose and nutrient agar but not on methylamine. +, Positive; 2, negative; W, weakly positive; ND, no data available; R, resistant; S, sensitive; DPG, diphosphatidylglycerol; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PME, phosphatidylmonomethylethanolamine; L, unknown lipid. The DNA G+C content of the novel strain was determined by HPLC according to the method of Mesbah et al. (1989) . The respiratory quinone system was extracted and determined by HPLC (UltiMate 3000; Dionex) as described by Xie & Yokota (2003) . For fatty acid analysis, strain M6-76 T and the three reference strains were grown on R2A agar plates at 18 u C; cells at exponential phase were used in this study. The fatty acids methyl esters were obtained and tested according to the protocol of the Sherlock Microbial Identification System (MIDI) and analysed by Agilent 6890N GC, with MIDI Sherlock TSBA6 database (Sasser, 1990) . Polar lipids were extracted and analysed as described by Tindall (1990) and Ventosa et al. (1993) by using twodimensional TLC (silica gel 60 F 254 plates, layer thickness 0.2 mm; Merck).
Cells of strain M6-76 T were Gram-stain-negative, nonspore-forming, aerobic rods and contained PHB granules. Transmission electron micrographs show that the cells contain large intracellular granules (Fig. 2a) and a single polar flagellum (Fig. 2b) . Colonies of strain M6-76 T on R2A agar were circular and smooth with entire margins after 7 days incubation at 18 u C. Growth of strain M6-76 T occurred at 4-28 u C (optimum 18 u C) and at pH 5-8 (optimum pH 7), and no growth occurred in the presence of 1 % (w/v) NaCl. Carbon-source utilization tests indicated that strain M6-76 T utilized methanol, fructose, glycerol, trehalose and nutrient agar as carbon sources, but it did not utilize formate, succinate, propanol, ribose, xylose, methylamine or glutamate in the basal medium. However, Methylobacterium salsuginis MR T , Methylobacterium organophilum ATCC 27886 T and Microvirga subterranea FaiI4 T could all utilize formate, succinate, propanol, xylose, ribose and glutamate. The detailed carbon-source utilization tests profile of strain M6-76 T was compared with those of the reference strains in Table 1 .
The DNA G+C content of strain M6-76 T was 67 mol% and the major respiratory quinone was Q-10, which are in agreement with the reference strains. The main cellular fatty acids of strain M6-76 T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) (64.3 %), summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) (22.1 %) and C 16 : 0 (6.4 %). Consistent with almost all the members of the family Methylobacteriaceae which have a high content of C 18 : 1 v7c in their cells, strain M6-76 T also had a high content of C 18 : 1 v7c but also had a high content of summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c). The detailed fatty acid profiles of strain M6-76 T and the reference strains are shown in Table 2 . As shown in Fig. 3 , strain M6-76 T and the reference strains all contained phosphatidylethanolamine (PE), phosphatidylmonomethylethanolamine (PME), phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and phosphatidylcholine (PC) in their polar lipid profile, but Polar lipids PE, PME, PG, PC, DPG, L1, L2 PE, PME, PG, PC, DPG PE, PME, PG, PC, DPG PE, PME, PG, PC, DPG, PDE just Microvirga subterranea FaiI4 T contained phosphatidyldimethylethanolamine (PDE). In particular, two unknown polar lipids distinguished strain M6-76 T from the reference strains.
According to the polyphasic data presented in this study, strain M6-76 T could be distinguished from recognized species of genera in the family Methylobacteriaceae based on several phenotypic, biochemical and chemotaxonomic characteristics. Therefore, we consider that strain M6-76 T represents a novel species in a new genus of the family Methylobacteriaceae, for which we propose the name Psychroglaciecola arctica gen. nov., sp. nov.
Description of Psychroglaciecola gen. nov. Psychroglaciecola (psy.chro.gla.ci.e9co.la. Gr. adj. psychros cold; L. fem. n. glacies ice; L. gen. n. incola an inhabitant; N.L. fem. n. Psychroglaciecola cold-adapted, inhabitant of ice).
Cells are rod-shaped, non-spore-forming, Gram-stainnegative, strictly aerobic, and are motile by a single polar flagellum. PHB is produced. Catalase-positive and oxidasenegative. Cells can utilize methanol as the sole source of carbon and energy but not formate. Q-10 is the major respiratory quinone. The polar lipids are PE, PME, PG, DPG, PC and two unknown polar lipids. The main cellular fatty acids are summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) and C 16 : 0 . The G+C content of the DNA is approximately 67 mol%. The type species is Psychroglaciecola arctica.
Description of Psychroglaciecola arctica sp. nov.
Psychroglaciecola arctica (arc9ti.ca. L. fem. adj. arctica northern, from the Arctic, referring to the site where the type strain was isolated).
In addition to the properties described for the genus, cells are short rods with sizes of 0.4-0.7 mm60.8-2.0 mm.
Colonies are pink, smooth, circular and convex with entire margins at 18 u C on R2A agar (Difco). Growth occurs at 4-28 u C (optimum 18 u C) and at pH 5.0-8.0 (optimum pH 7). No growth is observed in the presence of ¢1.0 % NaCl. Starch and Tween 20 are hydrolysed, but Tween 60, Tween 80 and casein are not. According to the results of API 20NE and API 20E strips, positive for urease activity and aesculin hydrolysis; weakly positive for galactosidase activity; and negative for reduction of nitrate, production of hydrogen sulfide and indole, Voges-Proskauer reaction and gelatinase activity; other tests are negative. In API ZYM strips, cells are positive for the activities of esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase; weakly positive for the activities of alkaline phosphatase, valine arylamidase, cystine arylamidase and trypsin; and negative for other reactions in the strip. The species is a facultative methylotroph. Cells utilize methanol, glycerol, fructose, trehalose and nutrient agar as the sole source of carbon and energy but do not utilize xylose, formate, succinate, propanol, ribose, methylamine or glutamate in the basal medium. Methylobacterium salsuginis MR T (b) and Methylobacterium organophilum ATCC 27886 T (c). PE, phosphatidylethanolamine; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; PC, phosphatidylcholine; PME, phosphatidylmonomethylethanolamine; L, unknown polar lipid. All polar lipids were visualized with phosphomolybdic acid at 140 6C for 10 minutes.
D-sorbitol, stachyose, sucrose, D-tagatose, trehalose, turanose, xylitol, D-xylose, p-hydroxyphenylacetic acid, aketovaleric acid, lactamide, D-lactic acid methyl ester, Dmalic acid, methyl pyruvate, N-acetyl-L-glutamic acid, alaninamide, D-and L-alanine, L-alanyl glycine, glycyl Lglutamic acid, L-pyroglutamic acid, L-serine, putrescine, 2,3-butanediol, glycerol, adenosine, 29-deoxyadenosine, inosine, thymidine, uridine, adenosine 59-monophosphate, thymidine 59-monophosphate, uridine 59-monophosphate, fructose 6-phosphate, glucose 1-phosphate, glucose 6-phosphate and DL-a-glycerol phosphate. Sensitive to neomycin, streptomycin, tetracycline, ampicillin, spectinomycin, kanamycin, erythromycin, novobiocin, gentamicin and insensitive to penicillin, chloramphenicol and vancomycin.
The type strain is M6-76 T (5CCTCC AB 2013033 T 5 KACC 17684 T ). The DNA G+C content of the type strain is 67 mol%.
